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571 ABSTRACT

A process for producing an aromatic polycarbonate having

a weight average molecular weight of from 7,000 to 60,000
1s disclosed, comprising melt polycondensing an aromatic
diol compound (e.g., bisphenol A) and a diaryl carbonate
compound (e.g., diphenyl carbonate) in the presence of a
combination of (a) an alkali metal compound and (b) a
phosphomium hydroxide compound (e.g., tetraethylphos-
phonium hydroxide) as an interesterification catalyst. The

aromatic polycarbonate has improved heat resistance and
hue.

22 Claims, No Drawings
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PROCESS FOR PRODUCING AROMATIC
POLYCARBONATE

FIELD OF THE INVENTION

This invention relates to a process for producing a poly-
carbonate by interesterification. More particularly, it relates

to a process for producing an aromatic polycarbonate having
- improved heat resistance and improved hue by melt poly-
condensation of an aromatic diol compound and a diaryl
carbonate compound.

BACKGROUND OF THE INVENTION

Aromatic polycarbonates have excellent mechanical char-
acteristics such as impact resistance as well as heat resis-
tance and transparency and have been employed as engi-
neering plastics in a broad range of fields, such as bottles for
carbonated beverages, electronic bases (CD bases), transfer
belts, etc.

Industrially established processes for producing aromatic
polycarbonate include the so-called phosgene process com-
prising reacting an aromatic diol, e.g., bisphenol, and phos-
~gene by interfacial polycondensation. However, the phos-
gene process has many disadvantages, such as high toxicity
of phosgene, the necessity of handling quantities of sodium
chloride as a by-product, incorporation of the sodium chlo-
nide into the polymer produced, and influences of methylene
chloride usually used as a reaction solvent on the environ-
ment. That is, the phosgene process incurs high costs for
taking countermeasures against these health and environ-
mental problems.

The so-called melt process or non-phosgene process is
also well known. It consists of an interesterification reaction
between an aromatic diol compound and a diaryl carbonate
compound. It is received that the non-phosgene process is
free of the above-mentioned problems associated with the
phosgene process and also is more economical.

However, the aromatic polycarbonate obtained by the
non-phosgene process using, for example, bisphenol A and
diphenyl carbonate generally has a higher content of termi-
nal hydroxyl groups than that obtained by the phosgene
process using, for example, bisphenol A, phosgene, and a
terminal blocker, etc. As a result, the former aromatic
polycarbonate 1s generally inferior to the latter in heat
resistance and hue. The residue of the catalyst used in the
non-phosgene process also has adverse influences on the
aromatic polycarbonate produced.

For example, the heat resistance in terms of temperature

causing a 5% weight loss on heating (Td5%) of an aromatic
polycarbonate obtained by the non-phosgene process is
generally lower than that of an aromatic polycarbonate
prepared by the phosgene process, i.e., about 500° C.,
sometimes lower by several tens of degrees C. or more,
although it varies depending upon a kind and an amount of
a catalyst for an interesterification reaction and a content of
terminal hydroxyl groups of resulting aromatic polycarbon-
ates. | |

Because molding of aromatic polycarbonates shoﬁld be
conducted at high temperatures, e.g., of around 320° C., in

order to decrease the melt viscosity thereof, low heat resis-

tance of aromatic polycarbonates gives rise to problems,
such as cleavage of the polymer main chain, coloration, and

reduction in mechanical strength. In particular, a high mold-
‘ing temperature is needed for obtaining thin-walled articles
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~ such as containers having a wall thickness of from 0.3 t0 0.6

2

mm or articles with complicated shapes. Therefore, in order
that an aromatic polycarbonate obtained by the non-phos-
gene process may be put to practical use, improvement in

heat resistance and prevention of coloration are much

desired.

It has been proposed to prepare an aromatic polycarbonate
having an improved hue by using, as a catalyst for interes-
terification, a quaternary ammonium salt or phosphonium
salt, e.g., tetraphenylphosphonium tetraphenylboranate or
triphenylbutylphosphonium tetraphenylboranate (see JP-B-
47-17978, the term “JP-B” as used herein means an “exam-
ined published Japanese patent application’”) or a boron
hydride compound represented by the formulaR',PBH R,

(R, R": hydrocarbon group) (see U.S. Pat. Nos. 4,330,664 |
and 5,221,761).

However, while the aromatic polycarbonates obtained by
using these catalysts have improved hue, they have insuffi-
cient molecular weight and poor heat resistance, or have a

Td5% as low as 475° to 480° C. while having an improved
hue and a high molecular weight.

U.S. Pat. No. 4,363,905 mentions production of an aro-
matic polycarbonate having a weight average molecular
weight of 400 and a satisfactory hue by melt polyconden-
sation of bisphenol A and diphenyl carbonate in the presence
a combination of Bu,PBr and sodium phenolate as a catalyst
system for interesterification (see Column 6, Table III, Run
No. VIII). However, such a low-molecular weight polycar-
bonate encounters difficulty in injection molding or extru- -
sion molding. The aforementioned U.S. patent also mentions
production of an aromatic polycarbonate having a weight
average molecular weight of 8,400 and an excellent hue by
melt polycondensation of bisphenol A and bis(o-nitrophe-
nyl) carbonate using the same catalyst system (Run No. II1).
In Run No. HI, because of the use of bis(o-nitrophenyl)
carbonate as a starting diary] carbonate, the cost of material
1s high, the heat stability during the reaction is poor, and a
decomposition product is incorporated into the produced
aromatic polycarbonate resulting in deterioration of the hue
and low mechanical strength, such as low impact strength.

SUMMARY OF THE INVENTION-

An object of the present invention is to provide a non-
phosgene process (i.e., an interesterification polycondensa-
tion process) for producing a heat-resistant aromatic poly-
carbonate having an improved hue and a high thermal
decomposition temperature and showing substantially no
change in molecular weight on heat melting, which process
does not involve formation of a polymer gel.

The present invention provides a process for producing an
aromatic polycarbonate having a weight average molecular
weight of 7,000 to 60,000, which comprises melt polycon-
densing an aromatic diol compound and a diaryl carbonate
compound represented by formula (I):

| ﬁ (D
O)-o-teo

(R (R2),

wherein R! and R? each represent an alkyl group having 1
to 10 carbon atoms or an alkoxy group; and m and n each

- represent O or an integer of 1 or 2,

in the presence of a combination of (a) an alkali metal
compound and (b) a phosphonium hydroxide compound
represented by formula (II):



3,527,875

o\ (1)
|

R3 l|’ R¢ | OH-
R>

wherein R°, R*, R>, and R® each represent an alkyl group
having 1 to 12 carbon atoms, an aryl group, an aralkyl group
or a cycloalkyl group,

as a catalyst for interesterification.

According to the present invention, the catalyst for inter-
esterification exhibits sufficient activity even at small
amounts to provide an aromatic polycarbonate with excel-
lent hue and high heat resistance.

DETAILED DESCRIPTION OF THE
INVENTION

The aromatic diol compound which can be used in the
present mvention is represented by formula (III):

o~ () y—a—( ) )on

(X)p (Y)é‘

wherein A represents a simple bond or a divalent group
selected from the group consisting of a substituted or
unsubstituted, straight-chain, branched or cyclic divalent
hydrocarbon group having 1 to 15 carbon atoms, —O—,
—S5—, —CO—, —SO—, and —SO,—; X and Y, which
may be the same or different, each represent a hydrogen
atom, a halogen atom or a hydrocarbon group having 1 to 6
carbon atoms; and p and q each represent 0, 1 or 2.

Typical examples of the aromatic diols include bisphe-
nols, e.g., bis(4-hydroxydiphenyl)methane, 2,2-bis(4-hy-
droxyphenyl)propane (i.e., bisphenol A), 2,2-bis(4-hydroxy-
3-methylphenyl)propane, 2,2-bis(4-hydroxy-3-t-butylphe-
nyl)propane, 2,2-bis(4-hydroxy-3,5-dimethylphenyl)pro-
pane, 2,2-bis( 4-hydroxy-3,5-dibromo)propane, 4,4-bis(4-
hydroxyphenyl)heptane, and 1,1-bis(4-
hydroxyphenyl)cyclohexane;  biphenyls, e.g., 44"
dihydroxybiphenyl and 3,3',5,5'-tetramethyl-4,4'-biphenyl;
bis(4-hydroxyphenyl)sulfone, bis(4-hydroxyphenyl) sulfide,
bis(4-hydroxyphenyl) ether, and bis(4-hydroxyphenyl)
ketone. Preferred of these is 2,2-bis(4-hydroxyphenyl)pro-
pane.

These aromatic diol compounds may be used either
individually or as a combination of two or more thereof. In
preparing a branched aromatic polycarbonate, a tri- or higher
hydric phenol may be copolymerized in a small proportion.
For the purpose of improving heat stability or resistance to
hydrolysis of the resulting aromatic polycarbonate, a mono-
hydric phenol, such as p-t-butylphenol or p-cumylphenol,
may be used in combination for blocking of a terminal
hydroxyl group.

Typical examples of the diaryl carbonate compound rep-
resented by formula (I) which can be used in the present
invention are diphenyl carbonate, ditolyl carbonate, dixylyl
carbonate, bisbutylphenyl carbonate, bisnonylphenyl car-
bonate, bismethoxyphenyl carbonate, and bisbutoxyphenyl
carbonate. Of these, dipheny! carbonate is preferred.

The diary] carbonate compound is usually used in excess,
preferably in an amount of from 1.01 to 1.30 mol, still
preferably from 1.02 to 1.20 mol, per mole of the aromatic
diol compound.

The catalyst for interesterification according to the present
invention is a combination of (a) an alkali metal compound

(11I)
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4

and (b) a phosphonium hydroxide compound represented by
formula (II). |

- Suitable alkali metal compounds (a) include inorganic
alkali metal compounds, such as a hydroxide, a carbonate or
a hydrogencarbonate of lithium, sodium, potassium,
rubidium or cesium; and organic alkali metal compounds,
such as an alcoholate, a phenolate or an organic carboxylate
of the alkali metal. From the standpoint of heat resistance
and hue of the produced aromatic polycarbonate, of these,
cestum compounds are preferred of them. Still preferred of
cesium compounds are cesium carbonate, cesium hydrogen-
carbonate, and cesitm hydroxide.

While 1t 1s known that many phosphonium salt com-
pounds are useful as a catalyst for interesterification, halo-
gen salts and the like are not favorable in the practice of the
present invention. Phosphonium salt compounds (b) which
can be used in the present invention are the compounds
represented by formula (IT). In formula (II), R?, R*, R>, and
R® may be substituted with a polar group.

Specific examples of phosphonium hydroxide compounds
oif formula (II) are tetraethylphosphonium hydroxide, tet-
rabutylphosphonium hydroxide, tetraphenylphosphonium
hydroxide, methyltriphenylphosphonium hydroxide, allylt-
riphenylphosphonium hydroxide, butyltriphenylphospho-
nium hydroxide, amyltriphenylphosphonium hydroxide,
heptyltriphenylphosphonium  hydroxide,  hexyltriph-
enylphosphonium hydroxide, benzyltriphenylphosphonium
hydroxide, and cinnamyltriphenylphosphonjum hydroxide.

Examples of phosphonium hydroxide compounds of for-
mula (II) in which R”, R, R® or R®is substituted with a polar
group are 4-carboxybutyltriphenylphosphonium hydroxide,
2-dimethylaminoethyltriphenylphosphonium  hydroxide,
2-(1,3 -dioxolan-2-yl)ethyltriphenylphosphonium hydrox-
ide, 4-ethoxybenzyltriphenylphosphonium  hydroxide,
ethoxycarbonylmethyltriphenylphosphonium  hydroxide,
formylmethyltriphenylphosphonium hydroxide, methoxym-
cthyltriphenylphosphonium hydroxide, and tetrakis(hy-
droxymethyl)phosphonium hydroxide. Tetraethylphospho-
mum  hydroxide, tetrabutylphosphonium hydroxide,
tetraphenylphosphonium hydroxide, and allyltriphenylphos-
phonium hydroxide are preferred compounds for their activ-
ity in producing polycarbonates having a high molecular
welight.

The above-mentioned interesterification catalyst compo-
nents (a) and (b) are preferably employed in the form of an
aqueous or alcoholic solution thereof.

Alkali metal compound (a) is used in an amount of from
107'° to 10~ mol, preferably from 1078 to 107 mol, per
mole of the aromatic diol compound.

When alkali metal compound (a) is introduced into a
reaction system in the form of an aqueous solution thereof,
water is used in an amount of from 107° to 1 mol, preferably
from 1x10™* to 0.3x10™" mol, per mole of the aromatic diol
compound.

Phosphonium hydroxide compound (b) is used in an
amount of from 107° to 10~ mol, preferably from 10~ to
107 mol, per mole of the aromatic diol compound.

A preferred molar ratio of alkali metal compound (a) to
phosphonium hydroxide compound (b) is from 107°:1 to 1:1.

If the amount of the catalyst used is too large or if the
(a)/(b) ratio is inadequate, the reaction tends to form a
polymer gel or to form isomeric structures other than a
carbonate bond, such as a salicylic ester structure, a dihy-
droxybenzophenone structure, and a xanthone structure, in
the main polymer chain, resulting in adverse affects on the
physical properties of the resulting aromatic polycarbonate.
It follows that the resulting aromatic polycarbonate has
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reduced heat resistance or a deteriorated hue, which, com-
bined with the influences of the residue of the catalyst,
results in reductions in performance properties in melt
molding or use.

If the amount of the catalyst is too small, an aromatic
polycarbonate having a sufficiently high molecular weight
for mechanical strength is scarcely obtained.

The interesterification melt polycondensation can be car-
ried out in accordance with known melt polycondensation
techmques for production of aromatic polycarbonates except
for using a combination of alkali metal compound (a) and
phosphonium hydroxide compound (b) as a catalyst.

In greater detail, the starting materials are subjected to
melt polycondensation by interesterification under heating at
atmospheric pressure or under reduced pressure while
removing by-product produced. The reaction is usually
carried out in two or more separate stages. A first stage
reaction is performed by heating the starting materials and
the catalyst at 100° to 200° C. in an inert gas atmosphere
under atmospheric pressure or under increased pressure.
During this stage, an interesterification reaction and a reac-
tion of formation of a low-molecular weight oligomer hav-
ing a number average molecular weight of from 400 to 1,000
occur. To effect a second stage reaction, the reaction tem-
perature 1s increased to 200° to 250° C., and the pressure is
diminished, e.g., to 20 Torr or less, whereby the interesteri-
fication reaction, the formation of the low-molecular weight
oligomer, and chain growth of the oligomer (to a number
- average molecular weight of from 1,000 to 7,000) are
allowed to proceed while driving the phenol by-product out
of the reaction system. For further chain growth of the
‘oligomer, the phenol and a diaryl carbonate are driven out of
the system at a further increased temperature (e.g., 250° to
330° C.) under higher vacuum (e.g., 1Torr or less) thereby
obtaiming a high-molecular weight aromatic polycarbonate.

The reaction time in each reaction stage is determined
- appropriately depending on the progress of the reaction. For
consideration of the hue of the resulting polymer, while the
hue is not appreciably affected by the length of the reaction
- time under temperatures around 200° C., the reaction time at
a temperature of 200° C. or lower is usually from 0.5 to 5
hours, and the reaction time at an elevated temperature of
from 200° to 250° C. is usually from 0.1 to 3 hours. At
temperatures exceeding 250° C., a prolonged reaction gives
significantly adverse influences on the hue. Accordingly,
recommended reaction time of the final reaction stage is
within 1 hour, and particularly from 0.1 to 1 hour.

The reaction may be conducted either in a batch system or
In a continuous sysiem, and various reaction apparatus may
be used. Different types of apparatus are usually selected for
each reaction stage. While not limiting, an apparatus having
a stirring function for high viscosity liquid is preferred for
the final stage where the v15cos1ty of the reaction system
greatly increases. |

The aromatic polycarbonate obtained by the process of
the present invention has a high molecular weight, namely
a number average molecular weight (Mn) of from about
2,500 to about 25,000 and a weight average molecular
weight (Mw) of from about 7,000 to about 60,000, with an
Mw/Mn ratio preferably ranging from 2 to 3.

When the aromatic polycarbonate specifically weighing
about 10 mg is heated in a nitrogen stream at a rate of
temperature increase of 20° C./min using a thermogravimet-
ric analyzer “200-TG/DTA 220” manufactured by Seiko
Densi Kogyo Co., Ltd., the temperature at which the weight
loss of the aromatic polycarbonate reaches 5% (based on the

initial weight) is not less than 480° C., and preferably from
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490° to 520° C. The above-identified temperature is taken as

a heat resistance temperature and hereinafter is referred to as
Td5%.

The hydroxyl group content of the resulting aromatic

-polycarbonate is preferably not more than about 0.1% by

weight.

The aromatic polycarbonate obtained by the process of
the present invention may be compounded with various
additives, such as catalyst stabilizers, heat stabilizers, ultra-
violet absorbents, antistatic agents, colorants, fluidity modi-
fiers, parting agents, and reinforcing fillers.

- If desired, the aromatic polycarbonate of the present
invention may be blended with other resins, such as an
cthylene- vmyl acetate copolymer, a polyamide resin, a poly- |
styrene resin, polypropylene, etc.

The present invention will now be illustrated in greater -
detail by way of Examples, but the present invention should
not be construed as being limited thereto. Unless otherwise
indicated herein, all the percents are by weight. |

- Aromatic-polycarbonates obtained were analyzed accord-
ing to the following methods.
1) Molecular Weight: |

Measured by gel-permeation chromatography using
“HLC- 8020, manufactured by Tosoh Corporation, in chlo-
roform at 35° C. on polycarbonate conversion.

2) Td5%:

An aromatic polycarbonate sample specifically weighing
about 10 mg is heated in a nitrogen stream at a rate of
temperature increase of 20° C./min using a thermogravimet-
ric analyzer “200-TG/DTA 220” manufactured by Seiko
Densi Kogyo Co., Ltd., and the temperature at which the

weight loss of the sample reached 5% based on the initial
weight is obtained.

3) Hue:

An aromatic polycarbonate sample is heat-melted at 320°
C. for 30 minutes and dissolved in methylene chloride to
prepare a 4% solution, and the UV absorbance at 345 nm is

measured. The greater the absorbance, the higher the degree
of coloration.

EXAMPLE 1

In a 300 mi-volume SUS-316-made reactor equipped with
a stirrer and a distillation column were charged 228 g (0.1
mol) of bisphenol A (BPA) and 23.1 g (0.107 mol) of
diphenyl carbonate (DPC). After purging the reactor with
nitrogen gas, 2.0 pl of a 2% aqueous solution containing -
0.039 mg (1.2x10™" mol) of cesium carbonate (Cs,CO;3) and
15.2 pl of a 15% aqueous solution containing 2.28 mg
(8.2x107° mol) of tetrabutylphosphonium hydroxide
(Bu,POH) (synthesized from an aqueous solution of a
corresponding bromide using an anion-exchange resin) were

added thereto as catalyst components in a nitrogen atmo-
sphere.

The reactor was heated to 150° C., and the mixture was
maintained in a molten state at that temperature under
atmospheric pressure for 1 hour. After the temperature was
increased to 200° C., the pressure was gradually decreased
to 20 Torr, and the reaction mixture was maintained under
these conditions for 1 hour to distill off phenol. Then, the
temperature was further elevated to 250° C., and the inner
pressure was dropped to 0.5 Torr at that temperature, and a
polycandensaﬁon reaction was conducted for 1 hour to
obtain about 25 g of an aromatic polycarbonate.

The analytical results of the polymer obtained are shown '
in Table 1 below. |
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EXAMPLES 2 TO 5

An aromatic polycarbonate was synthesized in the same

manner as in Example 1, except for changing the amount of
Bu,POH as shown in Table 1.

The analytical results of the polymers obtained are shown
in the Table.

COMPARATIVE EXAMPLE 1

An aromatic polycarbonate was synthesized in the same
manner as in Example 5, except for using Bu,POH alone as
a catalyst.

The analytical results of the polymer obtained are shown
in Table 1.

COMPARATIVE EXAMPLE 2

An aromatic polycarbonate was synthesized in the same
manner as in Example 1, except for replacing the Bu,POH
aqueous solution with 15.8 pl of a 15% aqueous solution
contalmng 2.37 mg (8.2x107° mol) of tetrabutylphospho-
nium bromide (Bu,PBr).

The resulting polycarbonate was slightly colored when
observed with the naked eye. Coloration of the inner wall of
the reactor was also observed. The analytical results of the
polymer obtained are shown in Table 1.

COMPARATIVE EXAMPLE 3

An aromatic polycarbonate was synthesized in the same

manner as in Example 1, except for replacing Bu,POH with
1.66 mg (8.2x107° mol) of tributyl phosphine (Bu,P).

The analytical results of the polymer obtained are shown
in Table 1.

TABLE 1
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10lten state with stirring. To the mixture were added 122 pl
of a 0.4% aqueous solution containing 4.89x10™" mg (1.5%

107° mol) of Cs,CO; and 208 ul of a 5% aqueous solution
containing 10.4 mg (3.75x10™> mol) of Bu,POH as catalyst

components. The molar ratio of Cs2CO, and Bu,POH to
BPA was 1x107° and 2.5x107°, respectively.

The stirring was continued under these conditions for an
additional period of 30 minutes, the temperature increased to
210° C. over a period of 30 minutes, the inner pressure

dropped to 200 Torr, and the reaction was continued for 30
minutes under these conditions while removing the distil-
late. The inner temperature was further elevated to 240° C.
over 30 minutes while decreasing the inner pressure to 15
Torr, and the reaction was continued under these conditions

for 1 hour to obtain 379 g of a polycarbonate prepolymer
having an Mw of 8,300.

A 120 g portion of the resulting polycarbonate prepolymer
was put in a 200 ml-volume twin-cylinder mixer manufac-
tured by Tosoku Seimitsusha K.K. and allowed to react at
270° C. and at 0.5 Torr for 60 minutes while removing
by-products, products.

The analytical results of the resulting aromatic polycar-
bonate are shown in Table 2 below.

EXAMPLE 7

An aromatic polycarbonate was obtained in the same
manner as in Example 6, except for using 245 pl of a
2x10™°% aqueous solution containing 4.89x10> mg of
Cs,CQO; as a catalyst component.

The analytical results of the resulting aromat:lc polycar-
bonate are shown in Table 2 below.

Interesterification Catalyst

Analytical Results of Polymer

Example Cs,CO, Bu,POH Td 5% Hue
No. (mol/mol-BPA)  (molmol-BPA) Mw  (°C)  (UV, Ayl
Example 1 1.2 x 1078 - 82x%107° 13,100 498 0.023
Example 2 1.2 x 107® 124 % 107° 9,700 503 0.019
Example 3 1.2 x 107 41x 1075 10,400 - 498 0.029
Example 4 1.2 x 10°° 2.1x10°° 11,800 496 0.023

. Example 5 1.2 x 107 1L.0x 107 10200 495 0.034
Comparative — 1.0 x 1073 4,200 459 0.010
Example 1
Comparative 1.2 x 107° Bu,PBr 6,600 476 coloration
Example 2 8.2x 107
Comparative 1.2 x 107° Bu,P 4,400 480 0.035
Example 3 8.2 x 107

EXAMPLE 6 COMPARATIVE EXAMPLE 4

In a 1.5 l-volume SUS-made reactor equipped with a
stirrer and a distillation column were charged 343 g (1.5
ol) of BPA and 345 g (1.61 mol) of DPC. After purging the
reactor with nitrogen gas, the mixture was heated to 180° C.
in a nitrogen atmosphere and kept at that temperature in a

35

An aromatic polycarbonate was obtained in the same
manner as in Example 6, except for using only 122 ul of a
0.4% aqueous solution containing 4.89x10™" mg (1.5x10~°
mol) of Cs,CO; as a catalyst.

The analytical results of the resulting aromatic polycar-
bonate are shown in Table 2 below.
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TABLE 2
- s
| Analytical Results of

Interesterification Catalyst _ Polymer
Example Cs,CO; | Bu,POH . Mw of Td 5% Hue
No. (mol/mol-BPA) (mol/mol-BPA)  Prepolymer Mw (°C)) (UV, Az,5)
e T —— N ——— it
Example 6 1.0 x 107° 2.5 x 107 8,300 33,300 498 0.017
Example 7 1.0 x 1078 2.5 x 107 4,200 20,400 495 0.021
Comparative 1.0 x 10~ — 5,900 13,300 489 0.038

Example 4

% .

EXAMPLES 8 TO 18

A polycarbonate was obtained in the same manner as in 13
Example 1, except for changing the kind and the amount of
a phosphonium hydroxide compound as shown in Table 3.
The phosphontum hydroxide compound was used as a 5%
aqueous solution unless where noted. The Cs,CO,/BPA

molar ratio was 1.2x107°, 20
The analytical results of the resulting polymers are shown
in Table 3.
‘TABLE 3

Analytical Results of

Phosphonium Hydroxide Compound o Polymer B
Example Amount Td 5% Hue’
No. | - Kind | (mol/mol-BPA) Mw (CC.)  (UV, Agus)
Example 8 tetraethylphosphonium 4.1 x 1075 9,300 504 0.018
hydroxide |
-Example 9 tetraphenylphosphonium 3.9 x 1073 0,500 496 0.011
hydroxide -
Example 10 allyltriphenyl- - 41x107 12,200 492 0.014
| phosphonium hydroxide
Example 11 butyltripheny- 39 x107° 9,900 492 0.025
| phosphonium hydroxide*
Example 12 amyltriphenyl- 4.0 x 1073 10,700 501 0.016
phosphonium hydroxide |
Example 13 hexyltriphenyl- 39 x107° 9,700 491 0.033
| phosphonium hydroxide |
Example 14 methyltriphenyl- -~ 39x10° 11,300 492 0.020
| phosphonium hydroxide |
Example 15 4-carboxybutyltriphenyl- 4.1 x 107° 10,000 490 0.017
phosphonium hydroxide
Example 16 tetrakis(hydroxymethyl)- 4.1 x 1077 3,200 492 0.017
phosphonium hydroxide
Example 17  (methoxymethyl)triphenyl- 4.1 x107° 11,000 494 0.031
~phosphonium hydroxide |
Example 18 2-(1,3-dioxolan-2-y1)- 4.1 x 107 9,200 499 0.016
ethyltriphenylphosphonium
hydroxide

e e ————— T T —————
Note:; *Used as a 5% ethanol solution.

EXAMPLES 19 TO 21 -

A polycarbonate was prepared in the same manner as in
Example 1, except for using each of the alkali metal com- 55
pounds shown in Table 4 and Bu,POH in the amounts
shown. | |

The analytical resuits of the resulting polymers are also
shown in the Table.

10
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TABLE 4

12

Interesterification Catalyst

Analytical Results of

Alkali Metal Compound Amount Polymer
Example Amount of Bu,POH Td 5% Hue
No. Kind (mol/mol-BPA)  (mol/mol-BPA) Mw  (°C))  (UV, Asys)
Example 19  Li,CO, 1.2 x 107° 21x107° 7200 486 0.040
Example 20  Na,CO, 1.2 x 1078 2.1x10° 7,600 489 0.033
Example 21 K,CO; 1.2 % 10°¢ 2.1 x 1073 8,500 490 0.031

As described and demonstrated above, a high-molecular
weight aromatic polycarbonate having high heat resistance
and a satisfactory hue can be obtained by the present
invention.

While the invention has been described in detail and with
reference to specific examples thereof, it will be apparent to
one skilled in the art that various changes and modifications
can be made therein without departing from the spirit and
scope thereof.

What is claimed is:

1. A process for producing an aromatic polycarbonate
having a weight average molecular weight of from 7,000 to
00,000, which comprises melt polycondensing an aromatic
diol compound and a diaryl carbonate compound repre-
sented by formula (I):

ﬁ' (D)
O)asan(®

(RVm (R%),

wherein R' and R* each represent an alkyl group having 1
to 10 carbon atoms or an alkoxy group; and m and n each
represent O or an integer of 1 or 2, in the presence of a
combination of (a) an alkali metal compound and (b) a
phosphonium hydroxide compound represented by formula

(1I):

v\ | (I

R3I—P—R6 | OH-

R>

wherein R®, R*, R, and R® each represent an alkyl group
having 1 to 12 carbon atoms, an aryl group, an aralkyl group
or a cycloalkyl group,

as a catalyst for interesterification,

wherein (a) said alkali metal compound is present in-an
amount of from 107'° to 10~ mol per mole of the
aromatic diol and (b) said phosphonium hydroxide
compound is present in an amount of from 107° to 103
mol per mole of the aromatic diol.

2. A process for producing an aromatic polycarbonate
having a weight average molecular weight of from 7,000 to
60,000, which comprises melt polycondensing an aromatic
diol compound and a diaryl carbonate compound repre-
sented by formula (I):

ﬁ) (I)
b0

(RDm (R,

wherein R* and R? each represent an alkyl group having 1
to 10 carbon atoms or an alkoxy group; and m and n each
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represent O or an integer of 1 or 2,
in the presence of a combination of (a) a cesium compound

and (b) a phosphonium hydroxide compound represented by
formula (II):

b\ ()

|
R3._._1i>_R6
RS

wherein R”, R*, R”, and R°® each represent an alkyl group
having 1 to 12 carbon atoms, an aryl group, an aralkyl group
or a cycloalkyl group,

as a catalyst for interesterification,

wherein (a) said cesium compound is present in an
amount of from 107'° to 10~ mol per mole of the
aromatic diol and (b) said phosphonium hydroxide
compound is present in an amount of from 107 to 107>

mol per mole of the aromatic diol.
3. A process as claimed in claim 2, wherein said cesium
compound 1s selected from the group consisting of cesium

carbonate, cesium hydrogencarbonate, and cesium hydrox-
ide.

4. A process as claimed in claim 1, wherein said phos-
phonium hydroxide compound is selected from the group
consisting of tetracthylphosphonium hydroxide, tetrabu-
tylphosphonium  hydroxide, tetraphenylphosphonium
hydroxide, methyltriphenylphosphonium hydroxide, allylt-
riphenylphosphonium hydroxide, butyltriphenylphospho-
nium hydroxide, amyltriphenylphosphonium hydroxide,
heptyltriphenylphosphonium  hydroxide, hexyltriph-
enylphosphonium hydroxide, benzyltriphenylphosphonium
hydroxide, cinnamyltriphenylphosphonium hydroxide,
4-carboxybutyltriphenylphosphonium hydroxide, 2-dim-
ethylaminoethyltriphenylphosphonium hydroxide, 2-(1,3-
dioxolan-2-yl)ethyltriphenylphosphonium hydroxide,
4-ethoxybenzyltriphenylphosphonium hydroxide, ethoxy-
carbonylmethyltriphenylphosphonium hydroxide, formylm-
ethyltriphenylphosphonium hydroxide, methoxymethylt-
riphenylphosphonium hydroxide, and
tetrakis(hydroxymethyl)phosphonium hydroxide.

S. A process as claimed in claim 1, wherein said catalyst
for interesterification is a combination of cesium carbonate
and a phosphonium hydroxide compound selected from the
group consisting of tetraethylphosphonium hydroxide, tet-
rabutylphosphonium hydroxide, tetraphenylphosphonium
hydroxide, and allyltriphenylphosphonium hydroxide.

6. A process as claimed in claim 1, wherein the molar ratio
of alkali metal compound (a) to the phosphonium hydroxide
compound (b) is from 107°:1 to 1:1.

7. A process as claimed in claim 1, wherein aromatic
polycarbonate has a 5% weight loss heating temperature
(Td5%) of 480° C. or higher.

8. A process as claimed in claim 1, wherein said aromatic
diol compound is bisphenol A.

OH-
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9. A process as claimed in claim 1, wherein said diaryl
- carbonate compound is dlphenyl carbonate.

10. A process as claimed in claim 1, wherein said poly-

carbonate has a number average molecular weight of from

2,500 to 25,000.

11. A process as claimed in claim 1, wherein the aromatic
diol 1s selected from at least one of bis(4-hydroxydiphenyl-
)methane, 2,2-bis(4-hydroxyphenyl)propane, 2,2 -bis(4-hy-
droxy-3-methylphenyl)propane, 2,2-bis( 4-hydroxy-3-t-bu-
tylphenyl)-propane, 2,2 -bis(4-hydroxy-3,5-
dimethylphenyl)propane, 2,2-bis(4-hydroxy-3,5-
dibromo)propane, 4,4 -bis(4-hydroxyphenyl)-heptane, 1,1-
bis(4-hydroxyphenyl)cyclohexane, 4,4'-dihydroxybiphenyl,
3,3,3,5-tetramethyl-4,4"-biphenyl,  bis(4-hydroxyphenyl-
Jsulfone, bis(4-hydroxyphenyl) sulfide, bis(4-hydroxyphe-
nyl)ether and bis(4-hydroxyphenyl)ketone.

12. A process as claimed in claim 1, wherein the diaryl
- carbonate is selected from at least one of diphenyl carbonate,

ditolyl carbonate, dixylyl carbonate, bisbutylphenyl carbon- -

ate, bisnonylphenyl carbonate, bismethoxyphenyl carbonate
and bisbutoxyphenyl carbonate.

13. A process as claimed in claim 1, wherein the diaryl
- carbonate 1s used in an amount of from 1.01 to 1.30 mol per
- mole of the aromatic diol.

14. A process as claimed in claim 13, wherein the diaryl
carbonate is used in an amount of from 1.02 to 1.20 mol per
mole of the aromatic diol.

15. A process as claimed in claim 1, wherein said alkali
metal compound is selected from at least one of hydroxide,
carbonate, hydrogencarbonate, alcoholate, phenolate and
carboxylate of Li, Na, K, Rb or Cs.

16. A process as claimed in claim 1, wherein (a) said alkali
metal compound is used in a amount of from 1072 to 10~°
mol per mole of the aromatic diol and (b) said phosphonium
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hydroxide compound is used in an amount of fror
10~ mol per mole of the aromatic diol.

17. A process as claimed in claim 1, wherein (a) said alkali
metal compound is introduced in the form of an aqueous
solution, with water being present in an amount of from 10™°
to 1 mol per mole of the aromatic diol.

18. A process as claimed in claim 17, wherein the water
is present in an amount of from 1x10™* to 0.3x10~* mol per
mole of the aromatic diol.

19. A process as claimed in claim 1, being carried out in
two or more separate stages.

20. A process as claimed in claim 19 comprising the
following reaction stages (1)—(3):

(1) a first reaction stage performed by heating the starting
materials and the catalyst to from 100° C. to 200° C.
under atmospheric or increased pressure;

(2) a second reaction stage performed by increasing
temperature to from 200° C. to 250° C. and diminishing
the pressure; and

(3) a third reaction stage performed by increasing the:
temperature to from 250° C. to 330° C. and carried out
under high vacuum.

21. A process as claimed in claim 20, wherein the pressure
1s diminished in the second reaction stage to 20 Torr or less,
and 1n the third reaction stage to 1 Torr or less.

22. A process as claimed in claim 20, wherein

(1) the first reaction stage is preformed from 0.5 to 5
hours,

(2) the second reaction stage is performed from 0.1 to 3
hours, and

(3) the third reaction stage is performed from 01 to ]
hour.
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